Objective-The aim of the study was to determine the prevalence of cryoglobulinaemia and its clinical features among -thalassaemia patients. Methods-Eighty eight multitransfused -thalassaemia patients were studied. They were physically examined and asked about the presence of cryoglobulinaemia related symptoms. Hepatitis C virus (HCV) serology, HCV-RNA, HCV subtypes, viraemia, serum ferritin, liver and kidney function tests, rheumatoid factor (RF), circulating immune complexes (CIC), complement levels and autoantibodies were all evaluated. The patients were divided into four groups: HCV-RNA positive patients with and without cryoglobulinaemia (groups A and B), HCV-Ab positive/HCV-RNA negative patients (group C), HCV-Ab negative patients (group D). Results-Cryoglobulinaemia was present in 35 of 53 (66.0%) patients with chronic HCV infection. They had higher viraemia than non-cryoglobulinaemic viral carriers, but no statistical diVerence relating to sex or HCV subtypes was found. In comparison with the other groups, group A patients were older, had undergone transfusion therapy for a longer period, had received a higher number of transfusions, and had increased levels of RF and CIC, as well as consumption of C4; in addition, they had a higher prevalence of cirrhosis. Cutaneous lesions (purpura, Raynaud's phenomenon, nodules and leg rash), peripheral neuropathy and sicca syndrome symptoms were present only in group A. Musculoskeletal symptoms (bone pain, arthralgia and myalgia), weakness, splenomegaly, lymphadenopathy, skin ulcers and proteinuria were also commoner in group A, but the diVerence did not reach statistical significance, possibly because of partial overlap between cryoglobulinaemia and -thalassaemia syndromes. Conclusion-Because of its high prevalence in multitransfused -thalassaemia patients, cryoglobulinaemia needs to be systematically studied and considered in the diVerential diagnosis of various -thalassaemia manifestations.
Multitransfused -thalassaemia patients are at high risk of developing transfusion associated infectious diseases. Hepatitis C virus (HCV) is the main agent of post-transfusion hepatitis 1 : as screening for HCV in blood donors was introduced only at the beginning of the 1990s, HCV antibodies (HCV-Ab) are found in most -thalassaemia patients, the prevalence being proportional to the number of blood units received before this date. 2 An association between chronic HCV infection and some immunological abnormalities has been ascertained: a frequent one is the presence, in blood samples from HCV carriers, of cryoglobulins consisting of complexes of polyclonal IgG and monoclonal (type II) or polyclonal (type III) IgM. 3 Purpura, arthralgia and weakness are frequently observed; kidney involvement, splenomegaly, lymphadenopathy, skin ulcers, peripheral neuropathy, Raynaud's phenomenon and sicca syndrome resembling Sjögren's sialadenitis are also reported in a variable number of cases. 4 Some of these signs may overlap with those of -thalassaemia syndromes: the aim of this study was to investigate the prevalence and clinical features of cryoglobulinaemia in a homogeneous group of -thalassaemia patients.
Methods
Eighty eight multitransfused patients suVering from -thalassaemia major or intermedia and followed up at the Paediatric Unit were studied. Age at first blood transfusion, duration of transfusion therapy and the number of transfusions received up until the time of the investigation were registered for each patient. For HCV serology, third generation assays were used (ELISA-3, Ortho Diagnostics, Raritan, NJ, and RIBA-3, Chiron, Emeryville, CA, USA); HCV-RNA was detected by a homemade "nested" polymerase chain reaction (with a detection limit of 100 copies/ml) using primers derived from the highly conserved 5' genomic region. Typisation was performed with a line probe assay (InnoLiPa, Innogenetics, Gent, Belgium), and viraemia was quantified with HCV Monitor (F HoVmann-La Roche, Basel, Switzerland). None of the patients was currently infected with hepatitis B or human immunodeficiency viruses. Liver biopsy was performed in 34 patients, in 24 using the percutaneous method, and in 10 during laparotomy for splenectomy and/or cholecystectomy. When biopsy specimens were unavailable, diagnosis of chronic liver disease was based on clinical and laboratory data according to standard criteria; to this aim, serum aspartate and alanine transaminases, -glutamyltransferase, alkaline phosphatase, bilirubin, albumin, -globulins, IgG, IgA, IgM and prothrombin time were all measured using standard methods. Serum ferritin was assessed by immunoenzymetric assay (SR1 Ferritin, Biodata Diagnostics, Guidonia Montecelio, Italy).
All the patients were physically examined for cutaneous lesions, splenomegaly and lymphadenopathy. They were asked about the presence of musculoskeletal symptoms: if present, they were requested to distinguish between chronic (persistent or intermittent) bone pain, arthralgia and myalgia, and to specify the location of the disturbance. The presence of morning stiVness and any relation to blood transfusions were also ascertained. Chronic weakness and symptoms attributable to peripheral neuropathy or sicca syndrome were investigated as well. Kidney failure was defined as plasma creatinine >1.5 mg/dl and/or creatinine clearance below 60 ml/min per 1.73 m 2 body surface area. Proteinuria was defined as urinary protein excretion greater than 0.15 g/day.
To detect cryoglobulinaemia, venous blood samples were kept at 37°C for two hours; after centrifugation at 2000 rpm for 10 minutes, serum supernatant was stored at 4°C for two weeks: samples were considered positive when a cryocrit of at least 0.5% and heat resolubility of the cryoprecipitate were observed. Serum rheumatoid factor (RF) was tested by latex immunoturbidimetric method (Unimate 3, Roche, Milan, Italy). Circulating immune complexes (CIC), C3 and C4 levels were measured by nephelometry (Behring Diagnostics, Marburg, Germany). Anti-nuclear (ANA), anti-mitochondrial (AMA), antismooth muscle (ASMA) and liver-kidney microsome (LKM) antibodies were detected with indirect immunofluorescence using Hep-2 cells and a mouse kidney/stomach/liver autoantibody test (Delta Biologicals, Pomezia, Italy); serum dilution started from 1:40. Where patients reported sicca syndrome symptoms, anti-Ro and anti-La antibodies were investigated using an immunoblotting method (Delta Biologicals).
STATISTICAL ANALYSIS
Comparisons of quantitative data were performed using parametric (one way analysis of variance and unpaired Student's t test) or nonparametric tests (Kruskal-Wallis test and Mann-Whitney rank sum test) as appropriate 5 ; results were expressed as mean (1 SD). When analysis of variance and Kruskal-Wallis test yielded a significant statistical value, multiple comparisons were made using the NewmanKeuls and Dunn's post tests, respectively. Categorical parameters were evaluated with 2 analysis of contingency tables. A p value <0.05 was considered significant. All statistical analyses were performed with Prism 2.0 (GraphPad Software, San Diego, CA, USA).
Results

PREVALENCE OF HCV INFECTION AND
CRYOGLOBULINAEMIA
Seventy three patients (83.0%) tested positive for HCV-Ab; of these, 53 had HCV-RNA: 24 patients were infected with type 1 (three patients had subtype 1a, 20 had subtype 1b, and one had a coinfection 1a plus 1b), 23 with subtype 2a/2c, three with subtype 3a and one with type 4; two patients could not be typed. Twenty subjects were HCV-Ab positive/HCV-RNA negative, and 15 (17.0%) were HCV-Ab negative.
Thirty five of 53 (66.0%) HCV-RNA positive patients had cryoglobulinaemia: a significant diVerence in viraemia was found between cryoglobulinaemic viral carriers (159.4 (244.5) (x10 3 ) copies/ml) and noncryoglobulinaemic ones (18.9 (31.6) (x10 3 ) copies/ml, p=0.0158). With regard to the distribution of HCV subtypes, two of three and 13 of 20 patients infected respectively with subtypes 1a and 1b, the patient with coinfection 1a plus 1b, 15 of 23 patients infected with subtype 2a/2c, all three patients infected with subtype 3a, and one untyped patient were cryoglobulinaemic (p=NS). Among these, no statistical diVerence was demonstrable in either viraemia (subtype 1a: 140.0 (168.3) (x10 3 ) copies/ml; subtype 1b: 316.5 (300.7) (x10 3 ) copies/ml; subtype 2a/2c: 70.8 (166.3) (x10 3 ) copies/ml; subtype 3a: 17.0 (4.6) (x10 3 ) copies/ ml; p=NS) or cryocrit (subtype 1a: 4.0 (4.2%); subtype 1b: 4.5 (3.5%); subtype 2a/2c: 4.6 (4.4%); subtype 3a: 7.7 (3.1%); p=NS). Table  1 To summarise clinical and laboratory findings, we divided the patients into four groups (table 1): group A: cryoglobulinaemic HCV-RNA positive patients; group B: non-cryoglobulinaemic HCV-RNA positive patients; group C: HCV-Ab positive/HCV-RNA negative patients; group D: HCV-Ab negative patients. Analysis of variance and KruskalWallis test showed a statistical diVerence in patients' age, duration of transfusion therapy, number of transfusions received, RF, CIC and C4 levels. Application of multiple comparisons revealed that group A was statistically diVerent from group D alone for patients' age, from groups C and D for number of transfusions received and CIC and C4 levels, and from groups B, C and D for duration of transfusion therapy and RF levels. In the other comparisons, groups B and C diVered from group D for duration of transfusion therapy and number of transfusions received; a diVerence was also found in C4 levels between group B and groups C and D. Among categorical parameters, a significant result was yielded in the prevalence of chronic liver disease, cirrhosis, ASMA positivity and cutaneous lesions. Chronic liver disease and ASMA positivity had similar prevalence in groups A and B, while group A was diVerent from all other groups in the prevalence of cirrhosis and cutaneous lesions. AMA and LKM antibodies were negative in all patients (not shown in table 1).
Although no subjects had palpable purpura at the time of the examination, this could be deduced from clinical history in at least three patients (one of them also having pemphigus), whose patchy hyperpigmentation of lower extremities was appreciable. Two patients reported Raynaud's phenomenon, while erythematous nodules and oedematous leg rash were present in one case each. All the subjects showing these cutaneous lesions were cryoglobulinaemic. One group-B girl had psoriasis. Of a total of seven patients with ulcers of legs and feet, one had insulin dependent diabetes mellitus (IDDM) attributable to haemosiderosis, and six suVered from -thalassaemia intermedia, one of them also having IDDM. There was no statistical diVerence in the prevalence of musculoskeletal symptoms and weakness: the principal location of bone pain was the middle (or middle-lower) spine (63.7%), long bones (humerus, ulna, radius and femur; 33.3%) and foot bones (3.0%). Joints aVected by arthralgia were shoulder, elbow, wrist and ankle. However, most patients with osteoarthralgia were unable to clearly distinguish between bone and joint pain. In group A, 40.9% of patients reported an increase of musculoskeletal disease in the days preceding blood transfusion, when haemoglobin level was lower; in groups B, C and D, these percentages were 18.2%, 44.4% and 20.0%, respectively. No patients had morning stiVness.
All the patients who had not been splenectomised had splenomegaly; generalised lymphadenopathy was seen in three patients, but as one group A patient had been infected with Epstein-Barr virus five months before, this had already been verified. No subjects had kidney failure and no statistical diVerence was found in the distribution of proteinuria; one group A patient was receiving treatment for membranoproliferative glomerulonephritis (MPGN, diagnosed by kidney biopsy), which had been manifested as nephrotic syndrome. In three group A subjects peripheral neuropathy was observed: two patients reported mainly paraesthesias of the lower limbs, and electrophysiological investigation confirmed the diagnosis; in the other one, main symptom was "restless legs" (electrophysiological study was not performed). In all three patients, other causes of neuropathy were excluded. Finally, two group A patients had subjective symptoms of dry mouth and eyes: neither had salivary gland biopsy; Schirmer's test showed slightly reduced tear production; anti-Ro and anti-La antibodies were absent.
Discussion
Multitransfused -thalassaemia patients constitute an interesting population for the study of immunological diseases related to transfusion transmissible infectious agents: despite this, very little has been published on the argument. 6 7 Our data show that cryoglobulinaemia is significantly associated with chronic HCV infection even in -thalassaemia patients. As shown elsewhere, [8] [9] [10] [11] cryoglobulinaemic viral carriers had a higher prevalence of cirrhosis than non-cryoglobulinaemic ones, were older and presumably had HCV infection of longer duration as a result of having received transfusion therapy for a longer period. Unfortunately, as almost all the HCV-Ab positive patients began blood transfusions in early childhood, and were infected when diagnostic tests for hepatitis C were unavailable, it is hard to determine the real duration of the infection. It should also be borne in mind that acute hepatitis C is mostly asymptomatic and the cause of increase in serum transaminases is multifactorial in these patients. 12 Nevertheless, the considerable number of blood transfusions per year (up to [35] [36] [37] [38] [39] [40] in each patient, and the high prevalence of HCV infected subjects among Italian blood donors, especially in southern regions, 13 are consistent with a linear correlation between the duration of transfusion therapy and that of HCV infection in our patients. The longer exposure to iron overload and the higher viraemia might have contributed to the more extensive immunological alterations and the increased prevalence of cirrhosis in group A; however, viraemia levels fluctuate, and thus its role remains uncertain. With regard to the association between cryoglobulinaemia and sex or HCV subtypes, previous research has given inconclusive results 8-11 14 ; our findings did not show any relation to these variables.
The prevalence of cryoglobulinaemia among our patients with chronic HCV infection was unusually high: a comparison with the study by Congia et al 7 on Sardinian -thalassaemia patients is not feasible, as in that report patients with serum positivity for HCV-Ab and/or HCV-RNA were all placed in the same group. Such prevalence of cryoglobulinaemia could be interpreted as a sign of longstanding infection. [9] [10] [11] In contrast, the prevalence of symptoms was low, as shown in table 1. This may be attributable to the following factors: firstly, we performed a screening on a patient population exposed to transfusion associated infections, while in several cases authors investigated patients who had been referred to their observation because they already showed clinical features of cryoglobulinaemia. 4 14-19 On the other hand, the prevalence of cryoglobulinaemia related symptoms in our study was not significantly diVerent from that of other studies performed to screen HCV infected or -thalassaemia patients. 7-11 20-22 Secondly, the cryocrit was generally low despite eVorts to avoid cryoglobulin precipitation before blood coagulated and serum was separated: it has been shown that a low cryocrit reduces the risk of clinical manifestations, this being mainly related to cryoglobulin type 11 19-22 ; however, because in this study cryoglobulin typing was not performed, interpretation of this aspect of the data is necessarily limited. Lastly, an environmental factor may be involved, as cryocomplexes develop in subepidermal vessels of the skin attributable to hydrostatic pressure and cooling; they are then borne away by the blood stream and deposited in internal organs before dissolving. 23 Although this aspect has been poorly investigated, some authors have underlined the importance of exposure to cold for the onset and/or aggravation of cryoglobulinaemic vasculitis. 16 17 24 In this regard, it should be remembered that -thalassaemia subjects generally do not work and spend most of their time at home because of their invalidity: this clearly results in a limited exposure to low temperatures.
Consequently, an interesting aspect of our study was that the prevalence of certain cryoglobulinaemia related clinical signs was higher in patients with circulating cryoglobulins, but often did not reach a statistical significance. This may be attributed to overlapping manifestations of cryoglobulinaemia and -thalassaemia. Hyperplasia of bone marrow, with consequent thinning of cortical bone and augmented prevalence of fractures, is the main cause of osteoporosis and osteoarthralgia in -thalassaemia subjects. 25 Endocrine failures, especially hypogonadotrophic hypogonadism, may worsen the disease. 26 Arthralgia also is a side eVect of treatment with deferiprone, a new oral iron chelating agent 27 : among our patients, only one group A subject was receiving deferiprone treatment, and he reported intermittent ankle pain. A clear distinction between bone pain and arthralgia is often unattainable, and in any case this would not help to definitively attribute the cause of the symptom. Besides chronic anaemia, other causes of weakness may be advanced liver disease and endocrine failures leading to reduction of muscular mass, haemosiderosis related cardiomyopathy or psychological factors; in addition, non-specific myopathological changes have been observed in -thalassaemia major. 28 The low prevalence of arthralgia and weakness among group D patients may be attributable to their lower mean age: indeed, in very young -thalassaemia patients these symptoms are rarer and more diYcult to record.
Splenomegaly is a key sign of -thalassaemia syndromes, whereas lymphadenopathy may be found in a variety of transfusion transmitted diseases, such as Epstein-Barr virus or cytomegalovirus infections. Skin ulcers of patients with blood dyscrasias can be provoked by poor tissue oxygenation; these were more frequent in the past, when a greater number of -thalassaemia subjects were not adequately transfused. At present, skin ulcers are found in -thalassaemia intermedia patients who do not receive regular transfusions, or in patients suffering from iron overload complications, such as IDDM; the lesions, localised at lower extremities, are typically slow to heal and indistinguishable from those resulting from vascular inflammation, as in the case of cryoglobulinaemia. 16 24 29 Other clinical manifestations need careful evaluation: although infrequent, renal disease in -thalassaemia may be the result of prolonged iron overload, and an early marker of damage has been recently identified 30 ; however, even high dose deferoxamine treatment has been demonstrated to have nephrotoxic eVects. 31 On the other hand, MPGN is a well recognised complication of HCV related cryoglobulinaemia, 32 and in fact our only patient with MPGN was cryoglobulinaemic. In the same way, particular attention must be paid to -thalassaemia patients with symptoms of peripheral neuropathy: we found these features in three cryoglobulinaemic patients, although other studies have reported electrophysiological abnormalities in most cryoglobulinaemic patients. 33 Nevertheless, other causes of neuropathy have to be considered in -thalassaemia patients: for example, it is well known that spinal cord compression by extramedullary haematopoiesis masses may display various degrees of symptomatic neuropathy. 34 When in doubt, appropriate investigations are required to clarify the diagnosis. 35 In contrast, cutaneous manifestations (excluding ulcers) seem to constitute a hallmark of cryoglobulinaemia even in -thalassaemia, as shown by the significant increase in group A. 16 24 The increased levels of CIC and consumption of C4 confirmed the immunological alterations attributable to chronic HCV infection; these findings were more significant in the viral carriers with cryoglobulinaemia, in which high levels of RF were also found, as widely reported. 7 9 10 17-21 In conclusion, cryoglobulinaemia is frequent in multitransfused -thalassaemia patients with chronic hepatitis C, but some of its clinical signs are hard to evaluate precisely because of the partial overlapping between the two syndromes. Other symptoms require accurate investigation, underlining the need for systematic testing for cryoglobulinaemia in the diVerential diagnosis of several -thalassaemia manifestations.
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